Introduction
substances are subjected to chemical changes in this process. 16 For example, green coffee beans contain high levels of chlorogenic acids in their composition, while these levels were drastically reduced during roasting. 17 The loss of trigonelline was strongly dependent upon the degree of roasting and was associated with the formation of nicotinic acid, but caffeine levels were decreased only slightly. 18 Considerable stability of caffeine during roasting was also shown for both Arabica and Robusta samples by Bicho et al. 19 The simultaneous determination of these compounds can be useful for the quality control of raw coffee beans and monitoring of coffee roasting conditions. 20 However, the three typical compounds (trigonelline, caffeine, and chlorogenic acid) in coffee have not been determined at the same time by one HPLC method.
For example, trigonelline and caffeine were simultaneously analyzed, while chlorogenic aid was separately analyzed by another HPLC method. 10, 19, 21 Rodrigues and Bragagnolo used an HPLC method for the determination of caffeine and chlorogenic acids, and another HPLC method for determining trigonelline, nicotinic acid, 5-hydroxymethylfurfural, theobromine and theophylline.
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De Maria et al. reported a simultaneous determination of trigonelline, caffeine, and total chlorogenic acid, in green coffee samples by high-performance gel filtration chromatography 23 other than reversed phase HPLC. The aim of the present study was to develop a method for the simultaneous analysis of trigonelline, caffeine, chlorogenic acid, and their related compounds (nicotinic acid, theophylline, and caffeic acid, as shown in Fig. 1 ) in instant coffee samples by a reversed phase HPLC using a mobile phase containing octanesulfonte as an ion-pairing agent under an acidic condition.
Experimental

Reagents and chemicals
Trigonelline hydrochloride, theophylline, chlorogenic acid hydrate, and sodium 1-octanesulfonate were obtained from Tokyo Kasei (Tokyo, Japan). Methanol was from Kanto (Tokyo, Japan). Nicotinic acid, caffeic acid, caffeine, and other chemicals (analytical grade) were obtained from Wako Pure Chemicals (Osaka, Japan).
HPLC apparatus and chromatographic conditions
The HPLC system consisted of a Jasco (Tokyo, Japan) Model PU-2080 pump, a Jasco Model UV-2075 detector, a Rheodyne (Cotati, CA) manual injector, a Shimadzu (Kyoto, Japan) Model CTO-10A column oven, and a Shimadzu Model DGU-14A degasser. An InertSustain C18 column (4.6 mm i.d. × 150 mm, GL Sciences, Tokyo, Japan) was used. A mobile phase consisted of 0.1% phosphoric acid, 4 mM octanesulfonate, and 15% methanol. Elution was carried out at a flow rate of 1.0 mL/min at 35 C. Analytes were detected at 220 nm. Data acquisition and processing were conducted with a Chromato-PRO (Runtime Instruments Co., Kanagawa, Japan).
Standard solution and sample preparation
Stock solutions (10 mM) of trigonelline, nicotinic acid, caffeine, theophylline, chlorogenic acid, and caffeic acid were separately prepared with purified water or 20% acetonitrile. Nine brands of instant coffee, one brand of decaffeinated instant coffee and one brand of regular coffee were purchased from a local market. Analytes in these instant coffee samples (0.0500 g) were extracted with ultrasonicating in 10 mL of 15% methanol at 43 kHz for 5 min at room temperature. Then, the mixture was centrifuged at approximately 1200g for 5 min and the supernatant was filtered with 0.45 μm filter and was analyzed by the HPLC method.
Preparation of 3-, 4-, and 5-caffeoylquinic acids
Commercial regular coffee (10 g) was added to 100 mL of hot purified water at 80 C. After stirring for one minute, the mixture was centrifuged at approximately 1200g for 5 min. The supernatant was filtered with 0.45 μm filter and was applied to HPLC described by Tfouni et al. 16 with minor corrections, using an InertSustain C18 column thermostated at 40 C. A mobile phase consisted of 0.1% phosphoric acid and 20% acetonitrile. Elution was carried out at a flow rate of 1.0 mL/min and analytes were detected at 320 nm. Three fractions, corresponding to the 3-, 4-, and 5-caffeoylquinic acids, were separately collected. 
Results and Discussion
Factors affecting separation
Among the six analytes in Fig. 1 , the purine related compounds, caffeine and theophylline, were retained by the ODS column and could be analyzed by reversed phase HPLC using neutral mobile phases. When the acidic mobile phase was used, chlorogenic and caffeic acids were easily analyzed by reversed phase HPLC, 16, 22, [24] [25] [26] because their protonated forms are neutral. However, trigonelline and nicotinic acid, which are cationic in an acidic medium and zwitterionic and anionic, respectively, in neutral or alkaline media, are difficult to be analyzed under any pH conditions. We examined the retention behaviours of trigonelline and nicotinic acid using HPLC with an InertSustain C18 column and a mobile phase containing 0.1% phosphoric acid and 15% methanol. As a result, trigonelline and nicotinic acid were detected at 1.6 and 2.1 min, respectively. This result were almost the same compared to previous reports, 10, 19, 21 showing that these zwitterionic compounds were difficult to be retained by an ODS column with an acidic mobile phase. The ionic nature of the analyte is suppressed by association with an ion-pair reagent of the opposite charge. The resulting uncharged ion-pair interacts with a non-polar stationary phase. HPLC with a mobile phase containing the ion-pair reagent (known as ion-pair chromatography) can be used for the simultaneous determination of both ionic and neutral compounds. Ion-pair chromatography is versatile and offers more possibilities for changing the stationary and/or mobile phase parameters. 27 WaksmundzkaHajons 28 and Cecchi 29 have discussed the retention mechanism of ion-pair chromatography in detail. It was shown that the addition of C7 -C9 alkylsulfonates to a mobile phase at concentrations over the range of ∼1 -10 mM can provide the separation of compounds having amino groups. 30 Octanesulfonate, a C8 alkylsulfonate, as an ion-pair reagent has been widely used for the analysis of basic and zwitterionic componds in foods and other real samples. [31] [32] [33] [34] [35] In order to analyze all analytes by using a reversed HPLC method, we added octanesulfonate to the acidic mobile phase as an ion-pairing reagent for the cationic analytes. The effect of the octanesulfonate concentration (2 -8 mM) on the retention times of analytes was evaluated (Fig. 2 ). An increase in the octanesulfonate concentration brought about increases in the retention times of both trigonelline and nicotinic acid. However, the retention times of the other four analytes were gradually decreased with increasing the octanesulfonate concentration. These facts suggest that the hydrophobic interaction between neutral analytes and the C18 group on the column were weakened by adding octanesulfonate having a hydrophobic alkyl group, while ion-paring between the cationic analytes and the sulfonate group could promote the interaction between the analytes and the hydrophobic ODS column. The 4 mM octanesulfonate concentration was adopted for the simultaneous separation of all analytes considering the separation of the positional isomers of coffeoylquinic acid and other contaminants contained in the instant coffee samples (vide infra).
By increasing the methanol concentration (10 -25%), the retention times of all the analytes in the acidic mobile phases decreased, where the degree of the effect of methanol pronouncedly depends on the analytes.
The methanol concentration was fixed at 15% for the simultaneous separation of all the analyte considering a moderately short retention time and the separation of the positional isomers of coffeoylquinic acid and other contaminants contained in the instant coffee samples (vide infra). Therefore, the optimum mobile phase conditions were determined to be 0.1% phosphoric acid, 4 mM octanesulfonate, 15% methanol at 35 C.
Analysis of instant coffee samples
Six analytes were subjected to the HPLC method using the above optimum conditions. The detection limit, defined as a signal-to-noise ratio of 3, was 0.3 μM for all analytes. Linearity (R 2 > 0.992) was demonstrated in the range of 1 μM -3 mM for the standard curves of all the analytes. Good reproducibilities of the peak areas (RSD < 0.6%) and the migration times (RSD < 0.13%) were obtained by five consecutive determinations at 1 mM for all six analytes. Recoveries were between 96.5 and 100.1%.
Roasting is a time-dependent process, whereby chemical changes are induced in the coffee beans. 17 Bicho et al. reported that the caffeine contents did not vary significantly with the roasting degree for the Arabica and Robusta samples, revealing a considerable stability during roasting. 19 However, the trigonelline contents in both coffees decreased significantly with the roasting intensity and the levels of chlorogenic acids remained higher in Robusta coffee beans, but decreased sharply with the roasting intensity. Rodrigues et al. reported that regular roasted ground coffee brews showed higher contents of chlorogenic acids, chlorogenic acid lactones, trigonelline, nicotinic acid, caffeine, and theobromine than regular soluble coffee brews.
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In this work, trigonelline, nicotinic acid, theophylline, caffeine, chlorogenic acid, and caffeic acid in ten instant coffee samples were analyzed by using the proposed HPLC method (Table 1 ) and a representative chromatogram is shown in Fig. 3B . The amounts of trigonelline, caffeine, and chlorogenic acid in sample A* extracted with hot water were almost the same as those in sample A extracted with 15% methanol using ultrasonication at 43 kHz for 5 min. The amounts of nicotinic acid and caffeic acid in sample A were higher than those in sample A*. Thus, analytes in samples A -J were extracted with 15% methanol. The caffeine levels in samples A -I ranged from 28.8 to 35.0 mg/g, while caffeine level in decaffeinated sample J was understandably only Fig. 2 Effect of the octanesulfonate concentration on the separation of six analytes. HPLC was done by using an InertSustain C18 column and mobile phases consisting of 0.1% phosphoric acid, 2 -8 mM octanesulfonate, and 15% methanol. 1, trigonelline; 2, nicotinic acid; 3, theophylline; 4, caffeine; 5, chlorogenic acid; 6, caffeic acid. 0.947 mg/g.
It seems that those samples with higher concentrations of caffeine tend to have lower concentrations of trigonelline and chlorogenic acid. However, the trigonelline levels in samples A -I were found to be correlated well with the concentration of chlorogenic acid. The regression equation for the relationship between the amounts of trigonelline (x) and chlorogenic acid (y) was expressed as y = 1.48x -1.74 with a correlation coefficient (R 2 ) of 0.887. Further studies are needed to clarify whether this correspondence resulted in coffee varieties, roasting processes and/or manufacturing process of instant coffee.
When instant coffee samples were analyzed by the proposed method with UV detection at 320 nm instead of at 220 nm, two peaks X and Y as well as a peak of chlorogenic acid, which were detected at 220 nm in Fig. 3B , were also detected at 320 nm. Chlorogenic acids are a family of esters formed between caffeic acid and (-)-quinic acid, which is referred to 5-caffeoylquinic acid. The three positional isomers of monocaffeoylquinic acids, 3-, 4-, and 5-caffeoylquinic acid, were contained in regular coffee, where the isomer contents were increased in this order. 19, 25 In order to assign the peaks X and Y in Fig. 3B , the three isomers of mono-caffeoylquinic acids were prepared by a similar method reported by Tfouni et al., 16 as stated above. The chromatographic pattern in Fig. 4B was almost the same as that by Tfouni et al., 16 and the three major peaks 1, 2, and 3 corresponded to 3-, 5-, and 4-caffeoylquinic acids, respectively. These three fractions were separately collected and each of those was applied to the proposed HPLC method. As a result, peaks X and Y were found to be peaks for 3-and 4-caffeoylquinic acids, respectively.
In conclusion, trigonelline, caffeine, chlorogenic acid, and their related compounds were simultaneously analyzed by the HPLC method using octanesulfonate as the ion-paring reagent under an acidic condition. These analytes in instant coffee samples could be analyzed using the proposed HPLC method. As a result, the amounts of trigonelline and chlorogenic acid in instant coffee samples were found to be correlated well to each other. . An instant coffee (0.0500 g) was dissolved by 15% methanol (10 mL). HPLC was done by using an InertSustain C18 column and mobile phases consisting of 0.1% phosphoric acid, 4 mM octanesulfonate, and 15% methanol. Analytes were detected at 220 nm. Fig. 4 Chromatograms of standard solution of chlorogenic acid (A) and brewed regular coffee (B). A regular coffee (10 g) was added to 100 mL of hot purified water (80 C). HPLC was done by using an InertSustain C18 column and mobile phases consisting of 0.1% phosphoric acid, 4 mM octanesulfonate, and 15% methanol. Analytes were detected at 320 nm. 1, 3-caffeoylquinic acid; 2, 5-caffeoylquinic acid; 3, 4-caffeoylquinic acid.
